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© Fluorinated polymeric composition, fabrication and use thereof. 

© Fluorinated polymeric composition exhibiting low 
dielectric constant and a low coefficient of thermal 
expansion containing a fluorinated polymeric ma- 
terial and a silica and/or quartz filler having a mean 
particle size of no greater than 7 ^m, and use 
thereof to form a substrate having vias therein. Lay- 
ers of the above composition are obtained by apply- 
ing the composition to a substrate and then heating 
the composition to a temperature sufficient to cause 
the composition to fuse. 
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The present invention is concerned with com- 
positions exhibiting a low dielectric constant and a 
low coefficient of thermal expansion and especially 
to compositions containing fluorinated polymeric 
material as the binder. In addition, the present 
invention is concerned with methods for fabricating 
layers of the composition that are suitable for sub- 
strates for printed circuit boards and cards. The 
compositions of the present invention are espe- 
cially suitable for providing substrates that contain 
vias therein obtained by laser drilling, and'or me- 
chanical drilling and/or punching. 

In the manufacture of printed circuit boards and 
cards, a dielectric sheet material is employed as 
the substrate. A conductive circuit pattern is pro- 
vided on one or both of the major surfaces of the 
substrate. 

As described in, for instance, U.S. Patent 
3.689,991 and TummaJa et al. "Micro Electronics 
Packaging Handbook", pages 409-435, Van 
Nostrand Reinhold, flexible polymeric films can be 
used as carriers in the packaging of semiconductor 
chips such as in the so-called TAB (Tape Auto- 
mated Bonding) procedure. To date, the primary 
polymeric material employed for such has been 
polyimides. One procedure used for employing 
polyimide as the dielectric and/or circuit carrier for 
flexible circuits involves spray coating or roller 
coating polyamic acid onto a sheet of metal (such 
as stainless steel or aluminum). The film is then 
cured or imidized, resulting in a film which is fully 
or substantially fully cured. The metal which the 
polyimide is on can be imaged, removed or main- 
tained. On top of the polyimide, three layers of 
metal are generally deposited such as by either 
evaporation or sputtering. The metal conductors 
are chromium or nickel, followed by a layer of 
copper, followed by a layer of chromium or nickel. 
By means of photolithographic operations, this met- 
al is imaged into circuits. Depending on the use of 
the circuit, the cured polyimide may or may not be 
imaged either before or after the formation of the 
circuit. 

In addition, flexible circuits have also been 
fabricated using free-standing polymeric films such 
as polyimides onto which metal layers are vacuum- 
deposited, laminated or glued. The metal circuit 
pattern is defined by using a photoresist pattern to 
either act as a plating mask or act as a mask for 
subtractive etching of the metal layer. Via holes of 
the polymer film can be made by drilling, punching 
or etching. 

In addition, the selective formation of holes in 
insulating polymeric films to provide openings or 
vias therein is important for various electronic uses 
of dielectric polymeric films. For instance, in the 
packaging of semiconductor chips, polymers such 
as polyamic acid films have often be coated onto 



substrates and then cured either chemically or 
thermally. 

In a number of these situations it is necessary 
to form vias into the polymeric layer to allow for 
s electrical connections to be made between the 
different layers of metallurgy. In order that the 
interconnection be as accurate as possible, it is 
necessary that the polymeric films resist distortion 
of the desired pattern and withstand attack from 

io other wet processing chemicals. 

For instance, in the formation of multi-layer 
substrates for mounting chips, it is necessary to 
electrically connect some of the conductors in the 
upper or second layer of metalization to some of 

is the conductors on the lower or first layer of 
metalization. In order to do so, the polymeric ma- 
terial must have vias formed therein to allow for 
metal connection between the upper and lower 
lovels of metallization in connection to a chip 

20 and/or board. 

Fluorinated polymeric materials such as poiy- 
tetrafluoroethyiene and polytrifluoromonoch- 
loroathylene are attractive candidates for advanced 
electronic packaging applications because of their 

25 very low dielectric constants, excellent stability, low 
solvent/moisture absorption and excellent thermal 
stability. However, the fluorinated polymeric materi- 
als have very poor coefficient of thermal expansion 
and therefore must include modifiers therein to 

30 achieve a coefficient of thermal expansion suitable 
fo r use as a substrate for electronic devices. 

It has been suggested to provide compositions 
of polytetrafluoroethylene materials with certain fil- 
lers such as glass or ceramic microparticles to 

35 achieve improved dimensional stability and low 
thermal expansion coefficient (CTE) without a con- 
comitant loss in the low dielectric properties in the 
polymeric material. In addition, for the most part 
these composites also include glass fibers therein. 

40 Along these lines, see U.S. Patents 4,335,180 and 
4,849,284. 

However, the compositions suggested in the 
prior art require an amount of filler in excess of the 
polymeric material and/or the presence of fibers in 

45 addition to the relatively small particle size fillers. 
The fillers employed have mean particle diameters 
of 10-15 fim and films formed therefrom are a 
minimum of 37.5 fim (1.5 mils) thick. 

The composites suggested in the prior art are 

so not entirely satisfactory since difficulties are en- 
countered in fabricating vias therein and laser drill- 
ing cannot be employed readily because of the 
relatively large size of the particles. Moreover, 
when glass fibers are present such tend to remain 

55 in the through holes. 

Furthermore, the prior art suggestions result in 
compositions prior to film formation that are rela- 
tively doughy in consistency and therefore quite 
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difficult to work with. 

The present invention as claimed is to provide 
a composition that exhibits a low dielectric constant 
along with a low coefficient of thermal expansion 
and which is relatively easy to process as com- 
pared to the prior art suggestions. Moreover, the 
compositions of the present invention can be 
formed into films or layers having thicknesses of as 
low as about 12.5 fim (0.5 mils). In addition, films 
pursuant to the present invention can be subjected 
to laser drilling, and/or mechanical drilling and/or 
punching. 

In particular, the compositions of the present 
invention contain a fluorinated polymeric material 
and a filler whereby the filler has a mean particle 
size of no greater than about 7 /im. In addition, the 
filler is silica and/or quartz. The amount of the 
fluorinated polymer is about 50 to about 90% by 
weight and the amount of the filler is about 50 to 
about 10% by weight. These amounts are based 
upon the total of the fluorinated polymeric material 
and filler in the composition. 

The present invention is also concerned with a 
method for fabricating a layer containing the 
fluorinated polymeric material. In particular, the 
process of the present invention includes obtaining 
the composition containing the fluorinated poly- 
meric material and filler disclosed above and then 
applying the composition to a substrate. The com- 
position is heated to a temperature of about 350° C 
to about 400 C to thereby fuse the composition. 

Another aspect of the present invention is con- 
cerned with a circuitized substrate that contains a 
substrate exhibiting a low dielectric constant and 
low coefficient of thermal expansion and containing 
a fluorinated polymeric material and filler as dis- 
closed above and having a metallic layer disposed 
on at least a portion of at least one of the major 
surfaces of the substrate. 

The fluorinated polymeric materials employed 
pursuant to the present invention are well-known 
and include such commercially available poly- 
fluoroalkylene materials as polytetrafluoroethylene, 
copolymers of tetrafluoroethylene and hex- 
afluoropropylene, copolymers of tetrafluoroethylene 
and perfluoro-2-2 dimethyl-1,3 dioxide, poly- 
trifluorochloroethylene, copolymers of 

tetrafluoroethylene with for example olefins such as 
ethylene; copolymers of trifluoromonoch- 
loroethylene with for example olefins such as eth- 
ylene, polymers of perfluoroalkyl vinyl ether. 

Some commercially available fluorinated poly- 
meric materials employed pursuant to the present 
invention include those available under the trade 
designation TEFLON PTFE (polymers of 
tetrafluoroethylene), TEFLON FEP (perfluorinated 
ethylene-propylene copolymers); TEFLON PFA 
(copolymer of tetrafluoroethylene and perfluoroal- 



koxy); TEFZEL (copolymer of tetrafluoroethylene 
and ethylene); HALAR (copolymer of 
chlorotrifluoroethylene and ethylene); KEL-F 
(polymer of chlorotrifluoroethylene); HBF-430 
s (polymer of chlorotrifluoroethylene) and TEFLON 
AF (copolymer of tetrafluoroethylene and at least 
65 mole % of perfluoro-2,2-dimethyl-1,3 dioxide). 
The preferred fluorinated polymeric material is 
polytetrafluoroethylene (e.g. TEFLON). 
10 The compositions of the present invention fur- 

ther include a silica and/or quartz filler, which can 
be either in solid particles or in hollow microsphere 
form. The fillers employed pursuant to the present 
inventidn must exhibit a mean particle size of about 
75 7 /tm or less. According to preferred aspects of the 
present invention, the particle size distribution is 
about 0.1 to about 40 /tm and most preferably 
about 2 to about 5 titr\. The particle size is prefer- 
ably no smaller than about 0.1 /tm. 
20 In addition, if desired, the fillers can be coated 

with a silane in amounts of about 0.2 to about 
2.0%, typically about 1% by weight of the filler in 
order to render such more hydrophyllic. Typical 
silanes include p-chloromethylphenyltrimethoxy 
25 silane, aminoethylaminotrimethoxy silane, 
aminoethyiaminopropyltrimethoxy silane. The com- 
positions of the present invention must be free 
from fibrous fillers. 

Commercially available fillers that can be em- 
30 ployed pursuant to the present invention include 
L207 Novacup available from Malvern Mineral Co. 
(a crystalline silica surface treated and having an 
average particle size of 3.45 ^m), Aerosil 200 (a 
fumed silica obtainable from Degussa Corporation 
35 and having an average particle size of 12 nm or a 
surface area of about 175 to about 225 m 2 /g and 
having a Si0 2 content greater than 99.8%) and 
SDT-60 hollow microspheres obtainable from 
Grace Syntactic and having an average particle 
40 size of 7/rm. Other suitable fillers include MIN-U- 
SIL from U.S. Silica Co. having an average particle 
size of about 1.1 ^m, and synthetic silica (Si02 
99.9%) from Cerac Corporation having an average 
particle size of about 2 fitn and Quso G135 avail- 
45 able from DeGussa and being a precipitated silica, 
having about 98% Si0 2t surface area of about 180 
m 2 /g, average agglomerate size of 2 ^m. Certain of 
the fillers such as Quso G135 also act as antisett- 
ling agents. 

so It is crucial to the success of the present 

invention that the amount of polytetrafluoroethylene 
employed is equal to or greater than the amount of 
the filler and preferably the compositions contain 
about 50 to about 90% by weight and most prefer- 

55 ably about 50 to about 70% by weight of the 
fluorinated polymeric material and correspondingly 
about 50 to about 10% by weight and preferably 
about 50 to about 30% by weight of the filler. 
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These amounts are based upon the total of the 
filler and fluorinated polymeric material in the com- 
position (dry bases). 

If desired, the compositions of the present in- 
vention can include surface active agents such as 
non-ionic surfactants and antisettling agents. Such 
are normally employed in amounts of about 0.1 to 
about 10% by weight of the total composition and 
preferably about 0.5 to about 6% by weight. In fact, 
commercially available fluorinated polymer prep- 
arations include a surfactant. 

In addition, according to preferred aspects of 
the present invention, during processing, the pH of 
the composition should be about 8 to about 11, and 
most preferably about 9 to about 9.5 in order to 
facilitate the processing. The pH can be controlled 
by adding a suitable base such as ammonium 
hydroxide. 

The compositions of the present invention can 
be prepared by admixing an aqueous dispersion of 
the fluorinated polymeric material with a previously 
prepared filler dispersion under high speed agita- 
tion such as a high speed disperser at about 3000 
to about 5000 RPM for about 10 to about 15 
minutes. When a filler dispersion is prepared just 
prior to use relatively low speed agitation of about 
100 RPM can be employed. The filler dispersion in 
turn should then be obtained under high speed 
agitation such as a high speed dispersion at about 
3000 to about 5000 RPM for about 10 to about 15 
minutes. The high speed disperser disperses the 
silica and/or quartz filler and deagglomerates the 
particles. 

The composition is then coated onto a suitable 
substrate. This can be done as single sheets on a 
substrate or a continuous coating on a web type 
substrate. The coating is to the desired thickness 
of about 5 pm (0.2 mils) or higher and normally 
about 5 jim to about 100 ^m (0.2 to about 4 mils), 
and preferably about 12.5 urn to about 75 (0.5 
to about 3 mils) thick. 

After the coating of the composition onto a 
substrate to the desired thickness, the coating is 
baked to volatize surfactant when present at a 
temperature of about 260 to about 320 *C and 
preferably about 300 to about 320 "C. Then the 
layer is fused at a temperature of about 350 to 
about 400 °C and preferably at about 380 to about 
390 °C. Prior to the removal of surfactant, if de- 
sired, the water from the composition can be re- 
moved by heating at about 1 00 * C for about 1 to 
about 30 minutes. The heating to remove surfactant 
is from about 0.25 hour to about 2 hours and 
preferably about 1 hour. The heating to cause the 
fusion or densification of the composition is usually 
for about 30 to about 120 minutes and generally 
carried out under pressure such as about 70 to 
about 140 bar (about 1000 to about 2000 psi) and 
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preferably about 117 to about 140 bar (about 1700 
to about 2000 psi). 

At this point, the substrate if desired can be 
removed such as by etching to provide a free- 

5 standing film of the fluorinated polymeric material 
and filler. Typical substrates employed in the pro- 
cess include copper and copper/In Var/copper com- 
posites. Such substrates are usually about 17.5 to 
about 1000 P m (about 0.7 to about 40 mils) thick 

io and preferably about 17.5 to about 75 /tm (about 
0.7 to about 3 mils) thick. When copper or copper 
composites are employed, such can be removed 
from the fluorinated polymeric composite by etch- 
ing in a typical copper etchant such as cupric 

15 chloride. 

With respect to those compositions that em- 
ploy a surfactant and a pH adjustor, prior to the 
fusing and densification step, and after the water is 
removed, the composition is heated to a tempera- 
20 ture of about 260 to about 320 - C, typical of which 
is about 300 °C for about 0.25 to about 2 hours, 
typical of which is about 1 hour in order to remove 
the surfactant and the pH adjustor. Suitable surface 
active agents that can be employed include non- 
25 ionic surface active agents. A preferred surface 
active agent is octylphenoxyethanol commercially 
available under the trade designation Triton X-100 
from Rohm and Haas. 

In addition, the compositions should be free 
30 from flocculating agents such as those required in 
U.S. Patent 4,849,284. 

The compositions prepared pursuant to the 
present invention can be subjected to drilling or 
punching including laser drilling to provide desired 
35 vias in the substrate. The laser drilling is carried 
out with the coating facing the laser and employing 
various lasers with wavelengths from UV to iR 
region with 308 nm being preferred and a fluence 
between about 4 to about 20 joules/cm 2 (at 308 
40 nm), typically about 8 joules/cm 2 employing a no- 
ble gas-halide laser such as xenon chloride. The 
laser drilling can either be the contact or projection 
type. In order to provide vias in predetermined 
areas, a laser resistant coating such as copper or 
45 copper/lnvar/copper can be provided on the sub- 
strate over those areas where holes are not to be 
provided. 

The vias produced by punching or drilling in 
the materials of the present invention are free from 
so fibrous materials and are of extremely good quality. 
The following examples are presented to further 
illustrate the present invention. 

EXAMPLE 1 

55 

In a high speed disperser at about 3000 RPM 
are dispersed in about 10 to about 15 minutes, 
about 40 parts by weight of deionized water, about 

4 
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46 parts by weight of crystalline silica (L337 
Novacup available from Malvern Mineral Co. having 
a mean particle size of 3.45 ftm) about 12.45 parts 
by weight of Aersol 200 available from Degussa 
Corporation, about 0.5 parts by weight of Quso 
G35 available from Degussa Corporation, about 0.5 
parts by weight of Triton X-IOO available from 
Rohm and Haas, and about 0.5 parts by weight of 
a 20% solution of ammonium hydroxide. To this 
dispersion are added about 100 parts by weight of 
60% solids dispersion of polytetrafluoroethytene 
(TEFLON 30). The composition is mixed under low 
agitation for about 100 RPM for another 5 minutes. 

The above composition is then coated onto a 
copper substrate to a thickness of about 32 ^m (1 .3 
mils). The water is then removed by heating for 
about 30 minutes at about 100°C and then the 
surfactant and NH4OH are removed by heating for 
about 2 hours at about 300° C. The composition is 
then fused by heating at about 350 to about 380° C 
under a pressure of about 117 bar (1700 psi). 

The copper is removed by etching in a cupric 
chloride etching bath to provide a free-standing 
film. 

The film exhibits uniform dispersion and fusing 
of the silica particles in the polytetrafluoroethytene 
matrix. The dry composite after fusing has a CTE 
of about 30 PPM/ # C in the X and Y directions and 
about 36 PPM/*C in the 2 direction. 

EXAMPLE 2 

A composition containing about 420 grams of a 
polytetrafluoroethytene aqueous dispersion 
TEFLON 30, 60% solid is mixed with silica disper- 
sion of about 225 grams of silica having an average 
particle size of 3.65 ^m available from Malvern 
Mineral Co. under the trade designation NOVACITE 
under high agitation in a high speed disperser at 
about 3000 to about 5000 RPM for about 10 to 15 
minutes. 

The composition is then coated from the aque- 
ous dispersion onto a copper substrate to a thick- 
ness of about 32 (1 .3 mils) thick. The coating is 
then heated to remove water at a temperature of 
about 1 00 ° C to about 1 10 ° C followed by heating 1 
hour at 300* C to volatilize surfactant and pressed 
under a pressure of about 117 bar (1700 psi) for 
about 65 minutes at about 350° C to about 400" C. 
The thickness of the film is about 12-25^ m (0.5-1 
mils) thick. 

The copper is removed by etching in cupric 
chloride. The free standing film is free from pin 
holes with the results similar to those of Example 1. 

EXAMPLE 3 

Example 2 is repeated except that about 252 



grams of quartz available from Denimex Corp. hav- 
ing a mean particle size of about 5 /tm is employed 
in place of the silica. The results obtained were 
similar to those of Example 1 . 

5 

EXAMPLE 4 

In a high speed disperser at about 3000 RPM 
are dispersed in about 10 to about 15 minutes, 

70 about 18 parts by weight of deionized water, about 
25 parts by weight of amorphous silica (available 
from CERAC Co. having an average particle size of 
2 Mm), about 0.75 parts by weight of hollow micro- 
spheres average size 7 /im available from Grace 

15 Syntactics, about 0.2 parts by weight of A1100 
silane. To this dispersion are added about 52 parts 
by weight of 60% dispersion of poly- 
tetrafluoroethylene (TEFLON 30). The composition 
is mixed under low agitation for about 100 RPM for 

20 another 5 minutes. 

The above composition is then coated on a 
copper substrate to a thickness of about 50 pm (2 
mils). The water is then removed by heating for 
about 30 minutes at about 100°C followed by 

25 heating 1 hour at about 300 ° C to remove surfac- 
tant. The composition is then fused or densified by 
heating at about 380 to about 390 "C under pres- 
sure of about 1 17 bar (1700 psi). 

The copper is removed by etching in a cupric 

30 chloride etching bath to provide a free-standing 
film. 

The film exhibits uniform dispersion and fusing 
of the silica particles in the polytetrafluoroethylene 
matrix. The dielectric constant of the resultant film 
35 is about 2.7. 

EXAMPLE 5 

Two (2) g of Grace SDT-60 hollow micro- 
40 spheres are dispersed in about 10% solution of 
TEFLON AF 1600 resin in Fluoroinert FC-77 sol- 
vent (obtainable from 3M) at 100-500 RPM for 
about 10-15 minutes. This composition is then 
coated on a copper substrate to a thickness of 
45 about 25-50 (1-2 mils). The solvent is then 
removed by heating for about 30-60 minutes at 
about 110° C. The composition is laminated at 
about 240-280° C under a pressure of about 70 bar 
(1000 psi). The copper is removed by etching in 
50 cupric chloride to provide a free standing film. The 
dielectric constant of the film was less than 1 .9. 

Claims 

55 1. A composition possessing a low dielectric con- 
stant and a low coefficient of thermal expan- 
sion which comprises: 

A . fluorinated polymeric material; and 



OCID: <EP 0442363A1 I > 



9 



EP 0 442 383 A1 



10 



B. a filler having a mean particle size of 
no greater than about 7 and being 
selected from the group of silica, 
quartz particles, hoflow microspheres 
and mixtures thereof; and wherein the 
amount of A is about 50 to about 90 
weight % t and the amount of B is 
about 50 to about 10 weight %, 
based upon the total of A and B in 
the composition. 

2. The composition of claim 1 being in the form 
of a layer of at least about 12 pm (0.5 mils). 

3. The composition of claims 1 or 2 having a 
dielectric constant of less than about 3.2. 

4. The composition of at least one of the preced- 
ing claims wherein said layer has drilled or 
punched and preferably laser drilled vias there- 
in. 

5. The composition of at least one of the preced- 
ing claims wherein said fluorinated polymeric 
material is selected from the group of poly- 
mers of tetrafluoroethylene, copolymers of 
tetrafluoroethylene and perfluoro-2,2-dimethyl- 
1,3-dioxide. copolymer of tetrafluoroethylene 
and hexaftuoropropylene, copolymer of 
tetrafluoroethylene and perfluoroalkoxy, 
fluorinated ethylene-propylene copolymers and 
mixtures thereof. 

6. A process for fabricating a layer containing 
fluorinated polymeric material wherein said lay- 
er possesses low dielectric constant and low 
coefficient of thermal expansion; which com- 
prises: 

A . obtaining a composition containing a 

(1) fluorinated polymeric material; and 

(2) a filler having a mean particle size 
of no greater than about 7 pm and 
being selected from the group of sili- 
ca, quartz particles, hoflow micro- 
spheres and mixtures thereof; and 
wherein the amount of (1) is about 50 
to about 90 weight percent; and the 
amount of (2) is about 50 to about 10 
weight %, based upon the total of (1) 
and (2) in the composition; 

B. applying said composition to a sub- 
strate; and then 

C. heating the composition to a tem- 
perature of about 350 to about 
400 ° C. 
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(1000-2000 psi). 

8. The process of at least one of claims 6 or 7 
which further includes forming vias in the layer 
by drilling or punching and preferably by laser 
drilling. 

9. The process of at least one of claims 6 to 8 
wherein said layer is at least about 12 /im (0.5 
mils) thick. 

10. The process of at least one of claims 6 to 9 
which further includes prior to heating to fuse 
said composition, heating to remove water fol- 
lowed by heating to about 260 to about 320* C 
for about 1 to 2 hours to remove surfactant 
present in the composition. 

11. The process of at least one of claims 6 to 10 
wherein the fluorinated polymeric material is 
selected from the group of polymers of 
tetrafluoroethylene, copolymers of 
tetrafluoroethylene and perfIuoro-2,2-dimethyl- 
1,3dioxide, copolymer of tetrafluoroethylene 
and hexafluoropropylene, copolymer of 
tetrafluoroethylene and perfluoroalkoxy, 
fluorinated ethylene-propylene copolymers and 
mixtures thereof. 

12. Use of the composition of at least one of 
claims 1 to 5 for a circuitized substrate with a 
metallic layer being disposed on at least a 
portion of at least one of the major surfaces of 
said substrate. 
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7. The process of claim 6 wherein said heating is 
carried out under pressure of about 70-140 bar 
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